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during pregnanCy: a Cross-seCtional study
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 durante a gravidez: estudo transversal
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ABSTRACT
Purpose: The aim of the present study was to evaluate the 
prevalence of active and passive smoking during pregnancy 
and its association with sociodemographic indicators, as well as 
perinatal and postnatal outcomes in newborns. Methods: This 
cross-sectional study was comprised of 431 pairs of mothers/ 
newborns. The study variables were: preterm birth, birth weight, 
oral mucosal lesions, sociodemographic indicators and smoking 
data.  We collected data from medical records and through a 
self-administered questionnaire answered by mothers. A pedi-
atric dentist examined the newborns for oral mucosal lesions. 
Bivariate and multivariate logistic regression models were used 
to evaluate the association between active and passive smoking 
and the other variables (α=5%). Results: The prevalence of active 
(9.5%) and passive smoking (4.2%) during pregnancy was low. Active 
smoking was statistically associated with low birth weight (OR: 
2.4; 95%CI:1.1-5.3), lower schooling level (OR: 0.2; 95%CI:0.1-0.5) 
and mothers aged ≥36 years old (OR: 4.9; 95%CI:1.2-20.0). Passive 
smoking was not statistically associated with the other variables. 
There was no association between active or passive smoking during 
pregnancy and premature birth and oral lesions of the newborn. 
Conclusions: The prevalence of active and passive smoking 
were low. Active smoking was associated with low birth weight, 
maternal age and mother’s schooling, suggesting a social in-
fluence of smoking behavior among a population with a lower 
educational level. There was no association between active and 
passive smoking and prematurity and oral lesions of the newborn.
Keywords: Pregnancy. Birth weight. Premature birth. Infant, 
newborn. Oral health.
RESUMO
Objetivo: O objetivo do estudo foi avaliar a prevalência de 
tabagismo ativo e passivo durante a gestação e a associação 
entre indicadores sociodemográficos, bem como desfechos 
pré e pós-parto em recém-nascidos. Metodologia: Este estudo 
transversal foi composto por 431 pares de mães/recém-nascidos. 
As variáveis estudadas foram: nascimento prematuro, peso ao 
nascer, lesões mucosas orais, indicadores sociodemográficos 
e dados sobre tabagismo. Coletamos dados por meio de pron-
tuários e por questionário auto-aplicado respondido pelas 
mães. Um dentista pediátrico examinou os recém-nascidos 
para lesões mucosas orais. A regressão logística foi utilizada 
para a análise bivariada e multivariada dos dados (α=5%). 
Resultados: Prevalência de tabagismo ativo (9,5%) e tabagismo 
passivo (4,2%) durante a gravidez foi baixo. O tabagismo ativo 
foi estatisticamente associado ao baixo peso ao nascer (OR: 
2,4; 95%CI:1,1-5,3), às mães com menor escolaridade (OR: 0,2; 
95%CI:0,1-0,5), e mães com idade ≥36 anos (OR: 4,9; 95%CI:1,2-
20,0); enquanto o tabagismo passivo não esteve estatisticamente 
associado a nenhuma variável. Não houve associação entre 
tabagismo durante a gestação com nascimento prematuro e 
lesões orais de recém-nascidos. Conclusões: As prevalências 
de tabagismos passivo e ativo foram baixas. O tabagismo ativo 
esteve associado ao baixo peso ao nascer, à idade materna e à 
escolaridade da mãe, sugerindo influência social do compor-
tamento do tabagismo entre a população com menor escola-
ridade. Não houve associação entre tabagismo ativo e passivo 
com prematuridade e lesões de mucosa oral em recém-nascido.
Palavras-chave: Gravidez. Peso ao nascer. Nascimento pre-
maturo. Recém-nascido. Saúde bucal.
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introduCtion
According to the second edition of the World Health Organization (WHO) Global Report on 
Trends in Prevalence of Tobacco (2018)1, the global prevalence of smokers in 2015 was 20.2%, repre-
senting a reduction of 6.7% compared to 2000. It is expected that in 2025, the prevalence of smokers 
will decline to 17.3%. There is greater use of tobacco among males (34.1%) than females (6.4%). 
Tobacco kills about 7 million people around the world, of which 6 million deaths are 
related to the direct use of tobacco and 890,000 are related to secondhand smoke or passive 
smoking2. According to the WHO (2019), passive smoking can be associated with cardiovascular 
diseases, serious respiratory diseases, coronary diseases and lung cancer in adults3. In young 
children, passive smoking can cause sudden death and respiratory diseases3,4.
Among the mechanisms involved in the association between low birth weight and smoking 
during pregnancy are fetal hemodynamic adaptations consistent with increased fetal arterial 
resistance, which can delay fetal growth and cause cardiovascular changes through the use of 
carbon and nicotine5. Active and passive smoking play a part in placenta vascularization, which 
alters blood flow, reducing gas and nutritional exchanges between the mother and the fetus. 
These decreased gas and nutritional exchanges can increase the risk of fetal malnutrition, 
and consequently lead to low birth weight and preterm birth among other maternal and fetal 
complications6. Therefore, low birth weight and preterm birth can be directly related to tobacco 
exposure. These factors can influence the development of oral structures7,8, as demonstrated 
by a previous study that found that oral mucosal lesions in newborns may be associated with 
preterm birth, low birth weight and socioeconomic level9. This hypothesis reinforces that 
maternal habits during pregnancy can directly impact the newborn’s oral health, as passive 
pregnant smokers may have an increased risk of low birth weight, delayed fetal growth, pre-
mature birth and periodontitis4,10-12. 
Thus, the aim of the present study was to evaluate the prevalence of active and passive smoking 
during pregnancy and its association with sociodemographic indicators, as well as perinatal and 
postnatal outcomes in newborns, such as premature birth, birth weight and oral mucosal lesions. 
materials and methods
This cross-sectional study was comprised of 431 pairs of mothers and their newborns aged 
up to 27 days, born at the University Hospital of the Federal University of Minas Gerais, Belo 
Horizonte, Brazil. Data collection was carried out from August 2016 to April 2017. The present 
study was approved by the Human Research Ethics Committee of the Federal University of 
Minas Gerais (CAAE nº 57295316.3.0000.5149). All the mothers enrolled in the study volunteered 
to participate by signing an informed consent form after the goals of the study were explained. 
The eligibility criterion included all live newborns of both sexes and their mothers pre-
sent at the University Hospital during the data collection period. We excluded newborns with 
craniofacial anomalies, cleft lips/palates, and those with anemic conditions or heart disease. 
The mothers answered a self-applied questionnaire on active and passive smoking (depen-
dent variables). We collected data related to the independent variables: preterm birth, birth weight, 
oral mucosal lesions and sociodemographic indicators. Socioeconomic class was evaluated through 
the Brazilian Economic Classification Criteria13, and was classified as A through E according to the 
personal belongings and educational level of the respondent. We grouped socioeconomic class into 
two categories: high (classes A, B1 and B2) and low (classes C1, C2, D and E).
Information regarding preterm birth and birth weight was collected through medical 
records. A calibrated and trained pediatric dentist examined the oral cavities of the newborns 
to evaluate oral mucosal lesions. Epstein pearls, Bohn’s nodules, dental lamina cysts, mucocele, 
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ranula, natal and neonatal teeth were evaluated. For this analysis, all the oral mucosal lesions 
were grouped into one variable (oral mucosal lesions: yes/no).
A calibration exercise was performed by a gold standard specialist in Pediatric Dentistry. 
We used photographs to analyze the lesions of the oral mucosa of newborns. The photographs 
were re-evaluated after a one week interval. Cohen’s Kappa coefficient was used to test the 
intra-examiner (0.90) and inter-examiner agreement (0.81). As the Kappa values were excellent 
(between 0.81-1.00), the examiner was considered capable of conducting the main study14.
To obtain the sample size, a prevalence of oral lesions in children aged between 0 and 
3 years of 56.4% was considered, with a confidence interval of 95.0% and an error of 5.0%15. 
A minimum sample size of 378 was obtained, and a sample of 53 samples was added to com-
pensate for possible losses, representing an additional 14% in our final sample. 
The SPSS software package was used to enter the data and to run a descriptive analysis of the 
variables. We ran a bivariate and multivariate logistic regression analysis to evaluate the association 
between active and passive smoking and the other variables (α=5%). The quality of the models was 
tested by the Hosmer-Lemeshow test. The bivariate unadjusted model included all the variables. 
The multivariable model was adjusted to include variables with p<0.20 in the bivariate model.
results
The final sample size was 431 newborns (Figure 1).
Figure 1: Flow diagram of the study design.
Table 1 shows the population characteristics. Two hundred thirty three newborns were boys 
(54.1%) and 198 were girls (45.9%). The prevalence of active smoking was 9.5% (n=41) and the preva-
lence of passive smoking was 4.2% (n=18). The prevalence of oral mucosal lesions was 61.3% (n=264). 
Table 1: Demographic Characteristics and Sample Distribution (SD).
Variables Mean±(SD) Minimum-maximum
Mother’s age (years) 27.2 ± 7.1 15-59
Age of newborns at time of  
examination (days) 2.42 ± 3.49 0-27
Gestational age at birth 
 (weeks) 38.24 ± 1.89 33-42
Birth weight (grams) 3.063 ± 524.55 1.690-4.700
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Table 2 shows the bivariate (Model 1) and multivariate (Models 2) analysis, comparing 
active smokers and non-active smokers. Low birth weight (OR: 2.4; 95%CI:1.1-5.3), mothers 
aged ≥36 years old (OR: 4.9; 95%CI:1.2-20.0) and maternal education ≥12 to 18 years of study 
(OR: 0.2; 95%CI:0.1-0.5) were associated with active smoking. 
Table 2: Bivariate and multivariate analysis of association between active smoking during preg-
nancy and independent variables.
Active Smoking Bivariate modelUnadjusted
Multivariable model 
Adjusted
Variables No n (%) Yes n (%) OR (95% CI) p-value OR (95% CI) p-value
Preterm birth*
No 314 (83.1) 31 (77.5) 1 0.380 - -
Yes 64 (16.9) 9 (22.5) 1.4 (0.6-3.1) - - -
Birth weight*  
Normal weight 326 (84.9) 30 (73.2) 1 0.057 1 0.025
Low weight 58 (15.1) 11 (26.8) 2.0 (0.9-4.3) - 2.4 (1.1-5.3) -
Oral mucosal lesions
No 155 (39x.7) 16 (39.0) 1 0.299 - -
Yes 235 (60.3) 25 (61.0) 0.7 (0.3-1.3) - - -
Maternal age*                
up to 19 years 60 (15.5) 3 (7.3)        1 0.065 1 0.023
20 to 35 years 276 (71.5) 29 (70.7) 2.1 (0.6-7.1) - 3.2 (0.9-11.4) -
≥36 years 50 (13.0) 9 (22.0) 3.6 (0.9-14.0) - 4.9 (1.2-20.0) -
Paternal schooling*
9 to 12 years of schooling 195 (51.7) 21 (60.0) 1 0.350 - -
≥12 to 18 years of schooling 182 (48.3) 14 (40.0) 0.7 (0.3-1.4) - - -
Maternal schooling
9 to 12 years of schooling 144 (36.9) 25 (61.0) 1 0.004 1 0.001
≥12 to 18 years of schooling 246 (63.1) 16 (39.0) 0.3 (0.1-0.7) - 0.2 (0.1-0.5) -
Socioeconomic class*
High† 96 (24.7) 8 (19.5) 1 0.464 - -
Low† 293 (75.3) 33 (80.5) 1.3 (0.6-3.0) -  - -
Logistic regression model with robust variance for multivariate analyses.
Multivariable model: all variables with p<0.20 in the bivariate analyzes were included in this model. 
The Hosmer and Lemeshow test was performed (p=0.692).
* Total number is lower than 431 because of incomplete questionnaires or medical records with blank 
responses.
† Categorization according to the Brazil economic classification criterion of ABEP (Brazilian Economic 
Classification Criteria).
Table 3 shows the bivariate (Model 1) and multivariate (Models 2) analysis comparing 
passive smoking and non-passive smoking. No statistically significant associations were found 
between passive smoking and the studied variables. The presence of oral mucosal lesions 
was not statistically significantly associated with active or passive smoking (Tables 2 and 3).
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Table 3: Bivariate and multivariate analysis of association between passive smoking during 
pregnancy and independent variables.
Passive smoking Bivariate ModelUnadjusted
Multivariable Model 
Adjusted
Variables No n (%) Yes n (%) OR (95% CI) p-value OR (95% CI) p-value
Preterm birth*
No 330 (82.5) 15 (83.3) 1 0.943 - -
Yes 70 (17.5) 3 (16.7) 0.9 (0.2-3.3) - - -
Birth weight*
Normal weight 340 (83.5) 16 (88.9) 1 0.550 - -
Low weight 67 (16.5) 2 (11.1) 0.6 (0.1-2.8) - - -
Oral mucosal lesions
No 163 (37.8) 4 (0.9) 1 0.541 - -
Yes 250 (58) 14 (3.2) 1.3 (0.5-3.5) - - -
Maternal age*
Up to 19 years 57 (13.9) 5 (27.8) 1 0.190 1 0.291
20 to 35 years 295 (72.1) 10 (55.6) 0.3 (0.06-1.7) - 0.4 (0.07-2.1) -
Over 36 years 57 (13.9) 2 (11.1) 0.3 (0.1-0.9) - 0.3 (0.1-1.009) -
Paternal schooling*
9 to 12 years of  
schooling 202 (51.3) 14 (77.8) 1 0.037 1 0.088
≥12 to 18 years of 
schooling 192 (48.7) 4 (22.2) 0.3 (0.09-0.9) - 0.3 (0.1-1.1) -
Maternal schooling
9 to 12 years of scho-
oling 161 (39.0) 8 (44.4) 1 0.643 - -
≥12 to 18 years of 
schooling 252 (61.0) 10 (55.6) 0.7 (0.3-2.0) - - -
Socioeconomic class*
High† 102 (24.8) 2 (11.1) 1 0.202 1 0.384
Low† 310 (75.2) 16 (88.9) 2.6 (0.5-11.6) - 1.9 (0.4-8.9) -
Logistic regression model with robust variance for multivariate analyses.
Multivariable model: all variables with p<0.20 in the bivariate analyzes were included in this model. 
The Hosmer and Lemeshow test was performed (p=0.971).
* Total number is lower than 431 because of incomplete questionnaires or medical records with blank 
responses.
† Categorization according to the Brazil economic classification criterion of ABEP (Brazilian Economic 
Classification Criteria).
disCussion
Mothers that smoked had a lower level of schooling, were aged ≥36 years old and were 
more likely to have children with a low birth weight. Oral mucosal lesions were not associa-
ted with active or passive smoking. Passive smoking was not associated with any variable.
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The results of the present study agree with those in literature, in which women with 
lower levels of schooling, families with more members and greater poverty increase the 
probability of smoking16. Indeed it seems that smoking is more common among families 
with lower levels of schooling, suggesting that social inequalities are related to smoking17,18. 
We did not find an association between socioeconomic class and active and passive smoking, 
although the WHO estimates that about 80% of deaths caused by smoking occur in develo-
ping countries19. Our sample was from a public hospital and the participants were mainly 
from a low social class, which might have contributed to the absence of an association. 
It may also be that pregnant women with low levels of schooling do not know about or neglect 
the harmful effects of active smoking.  
The prevalence of active smoking was associated with mothers aged ≥36 years old. 
The results are in accordance with the WHO report which described a higher prevalence of 
smoking among older people (between 45 and 54 years)1. It can be hypothesized that youn-
ger mothers have been influenced about the dissemination of information about the harm 
caused by smoking.
Active and passive smoking during pregnancy can be associated with preterm birth 
and low birth weight20-24. In literature, a dose-response effect has been suggested between 
passive smoking and premature birth and low birth weight16,25. Nicotine and carbon mono-
xide are associated with hemodynamic adaptations during pregnancy. These adaptations 
can lead to an increase in fetal arterial resistance, which in turn, reduces both oxygen and 
the nutritional exchange between the pregnant woman and the fetus, through the placenta. 
These adaptations and interferences may be responsible for the reduction in birth weight, 
prematurity and fetal malnutrition, among other important maternal-fetal consequences5,6. 
However, the present study only found an association between active smoking and low birth 
weight, which we suggest may be due to the low prevalence of passive smokers in the sample.
Oral mucosal lesions are common in newborns and tend to disappear over time without 
the need for treatment26. We found a high prevalence of oral mucosal lesions, in accordan-
ce with the prevalences reported in literature, which can vary between 21%27 and 91.2%28. 
However, we did not find an association between oral mucosal lesions and smoking habits.
Reporting bias is a limitation of the present study. Active and passive smoking can be 
underreported by mothers due to memory19 or information bias. Mothers may consciously omit 
information as they know that smoking is a harmful habit. Also, mothers may be confused re-
garding the meaning of active or passive smoking16,20,21. The strength of the study is the sample 
size and the early age at which newborns were examined. Younger newborns usually have more 
mucosal lesions, especially those aged up to one year, in comparison with to older babies13. 
The results found of the present study should be evaluated with caution, as the sample 
is from a single hospital. Thus, applicability to the general population is limited due to its 
low external validity.
While not associated with oral mucosal lesions in newborns, active and passive smoking 
can cause other comorbidities. The association between smoking and gestational age and 
birth weight needs to be further investigated in future studies. There is a need for public 
policies to prevent smoking, focused mainly on the most vulnerable families. Passive smoking 
can go unrecognized by mothers and public policies should focus on the dangers of passive 
smoking in pregnant women. Moreover, education can be an important aid for preventing 
smoking in vulnerable populations, not only through public policies but by increasing access 
to education and schools. Future research is needed to monitor the prevalence of smoking 
in pregnant women and the long term consequences for their children.
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ConClusion
Passive smoking during pregnancy was not associated with perinatal and postnatal 
outcomes in relation to newborns, while active smoking was associated with lower maternal 
education, maternal age and low birth weight. Oral mucosal lesions were not associated with 
active and passive smoking.
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